Objectives: The study has aimed at investigating the subjective assessment of an individual's health status and comparing the prevalence of selected work-related symptoms among nail technicians occupationally exposed to volatile organic compounds (VOCs) to the one among control subjects. Associations between occupational exposure to VOCs and the incidence of adverse health effects were also analyzed. Material and Methods: The study involved 145 female nail technicians and 152 control subjects. Data on the prevalence of adverse health effects was collected using the researcher-made questionnaire and then analyzed by means of survival analysis methods. Results: Only 22% of nail technicians as compared to 45% of control subjects described their current health status as "excellent" or "very good" (odds ratio (OR) = 0.4, 95% confidence interval (CI): 0.2-0.6, p < 0.00005). In general, 61% of nail technicians confirmed to have experienced any out of all symptoms considered in the study since the commencement of the job, which was significantly higher as compared to 17% of control subjects (adjusted OR = 2.8, 95% CI: 2.1-3.7, p < 0.0001). Estimated median length of the employment period free of investigated symptoms was significantly shorter among nail technicians as compared to controls (12 years vs. 33 years, p < 0.0001), consistent with almost 4-times increased hazard of the occurrence of such symptoms among the technicians (hazard ratio (HR) = 3.9, 95% CI: 2.7-5.7, p < 0.0001). Cox proportional hazard regression modeling revealed almost 5-times increased hazard of the occurrence of any symptoms among nail technicians exposed to higher levels of the mixture of VOCs as compared to those exposed to lower levels (HR = 4.9, 95% CI: 1-24.1, p = 0.05). Conclusions: All outcomes combined together indicate that nail technicians are subject to faster health deterioration, which may be assumed to be caused by occupational exposure to low levels of VOCs. Int J Occup Med Environ Health 2017;30(3): [469][470][471][472][473][474][475][476][477][478][479][480][481][482][483] 
INTRODUCTION
Nail technicians present an occupational group, the number of which has increased dramatically since the couple of last decades in all western countries [1] . According to the Central Statistical Office, it is estimated that more than 100 000 registered nail technicians work in Poland (unpublished data). Services provided by nail technicians are unique in several specific aspects including contact with toxic and potentially dangerous chemical substances (such as ethanol, acetone, toluene, a number of acetates, acrylates, etc.), work in small and often poorly ventilated rooms as well as working procedures necessitating the use of chemical products in close vicinity to technician's breathing zone and eyes. Due to the fact that the concentrations of chemical products used in this industry are very low as compared to other industrial branches, the resultant health hazard and possible impact on workers' health has long been, unfortunately, underestimated. Meanwhile, recent study has indicated, that the majority of nail technicians are concerned about their health status and the effects the occupational exposure to chemicals may impose [2] . In line with this, a growing amount of scientific evidence indicates an increased occurrence of certain adverse health effects possibly associated with exposure to solvents and other volatile organic compounds (VOCs) in occupational setting, including headaches [3, 4] , skin, eyes and upper airways mucosal irritations [1] [2] [3] 5] , musculoskeletal and reproductive system disorders [1] [2] [3] [4] [6] [7] [8] or bronchial asthma [1, 5] . In addition, nail technicians have also been shown to present limited results of pulmonary function tests and increased levels of markers of airways inflammation [6] . Our recent study has revealed that certain adverse effects may be observed also on cellular and molecular levels [9] . Nevertheless, in spite of all this long growing evidence, no occupational standards have been established for this industrial branch so far. In this study, we investigated the health status of occupationally exposed nail technicians and tried to find out O R I G I N A L P A P E R IJOMEH 2017;30(3) 471 2. How her health status changed over the last year (possible answers: "much better than year ago," "slightly better than year ago," "unchanged," "slightly worse than year ago," "much worse than year ago"). 3. Whether (possible answers: "yes," "no") and for how long she had been suffering from any symptoms causing concerns about her health status, subjectively attributed to working environment. The third, last part of the questionnaire was aimed at gathering more detailed information on encountered symptoms and each participant was asked to indicate which of the listed symptoms including headache, skin irritation, mucosal irritation, difficult breathing, dyspnea, regular/chronic cough, itchy/runny nose, itchy/watery/reddish eyes, physician-confirmed bronchial asthma, infertility and musculoskeletal disorders (such as shoulder, back or wrist/hand pain) she had been suffering from since the commencement of the job and, if appropriate, to provide information on how long such conditions lasted. In this part, the participants were allowed to mark as many symptoms as appropriate. For further purposes of this study, the term "adverse health effect" is used to refer to an occurrence of any of the above listed symptoms, as well as an individual assessment of one's own current health status as "good," "fair" or "poor" and reporting the current health status as "slightly worse" or "much worse" as compared to the last year's health status.
Sampling and assessment of occupational exposure to VOCs
Detailed information on air sampling and assessment of occupational exposure of nail technicians to VOCs, performed according to the method by Gjolstad et al. [10] with minor modifications, is provided in the authors' recent study [9] . In this study, occupational exposure to VOCs (including ethanol, acetone, toluene, 2-propanol, 2-butanone, ethyl acetate, isopropyl acetate, n-butyl old (median age of 33 years old, IQR: 27-42 years) and comprised 107 (70%) general office workers (i.e., clerks, librarians, merchants, secretaries, editors, etc.) and 45 (30%) academic workers (i.e., senior researchers and lecturers) without any occupational contact with organic solvents. Median length of the period of employment among control subjects was calculated based on their entire employment histories and equaled 7 years (IQR: 0.1-42 years). Prior to any further measurements, written and informed consent for participation in this study was obtained from each participant. The study was performed under the guidelines of the Helsinki Declaration for human research and was approved by the Bioethics Committee of the Nofer Institute of Occupational Medicine, Łódź, Poland (resolution No. 5/2011).
Questionnaire survey
A short researcher-made questionnaire fulfilled by each participant of the study was used for collecting data on the occurrence of adverse health effects subjectively attributed to occupational exposure. The questionnaire was divided into 3 main parts. The first part was aimed at gathering a participant's personal and demographic data, such as her name, surname, age, workplace and the length of the period of employment. In this part, information on current tobacco smoking and alcohol consumption habits of all participants was gathered as well in order to facilitate further adjustment of outcomes of statistical analyses to 2 major confounders -i.e., the current tobacco load (expressed in pack-years (PY), i.e., the number of cigarette packs smoked per day × the number of years lived as a current smoker) and the weekly ethanol ingestion (detailed description is provided elsewhere [9] ). The second part of the questionnaire consisted of 3 closed questions and each subject was asked to choose an answer which best describes: 1. Her own subjective assessment of her general health status (possible answers: "excellent," "very good," "good," "fair," "poor").
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472 the nail technicians and control subjects were tested for significant intra-group differences by means of the logrank test. Both groups were characterized by the median length of the period of employment free of given adverse health effect (t 50% -defined as the length of employment period during which the respective cumulative incidence function reaches the value of 0.5) with corresponding 95% CI (according to Brookmeyer and Crowley [12] ) and respective hazard ratio with corresponding 95% CI. The Cox proportional hazard regression modeling and Kaplan-Meier curves were used for testing the effect of airborne levels of VOCs on the incidence of adverse health effects among nail technicians. All analyses were performed using R Statistical Software (Foundation for Statistical Computing, Austria) and the Statistica 10 software package (StatSoft, USA). Statistical significance was inferred for p < 0.05.
RESULTS

Subjective assessment of health status and the prevalence of symptoms
The summary of the questionnaire survey of subjective assessment of participants' health status is provided in the Table 1 . It may be seen that nail technicians assessed their current health status differently as compared to control subjects, as the distribution of answers is significantly shifted towards the "good," "fair" and "poor" answers in the former ones (p < 0.0001). In fact, only 22% of nail technicians described their current health status as "excellent" or "very good," which was more than 2 times lower as compared to a frequency of almost 45% for these 2 answers among control subjects (32 out of 145 technicians vs. 68 out of 152 controls: OR = 0.4, 95% CI: 0.2-0.6, RR = 0.5, 95% CI: 0.4-0.7, p < 0.00005).
On the other hand, comparing the current health status to that from a year ago, only marginally significant differences in distribution of the answers between acetate, hexamethyldisiloxane, methyl methacrylate and ethyl methacrylate) was assessed based on the combined exposure to a mixture of VOCs calculated according to the American Conference of Governmental Industrial Hygienists (ACGIH) [11] formula:
where:
C i -measured airborne concentration, N i -time-weighted average occupational exposure limit (TWA-OEL) for ith component.
Statistical analysis
All frequency data in the study is provided as both absolute and relative counts. Data collected by means of personal questionnaire was used for inferring both prevalence and cumulative incidence of adverse health effects. The intra-group comparisons of obtained prevalence were performed by means of a generalized linear regression modeling approach assuming the logit model. The strength of associations was assessed by means of the odds ratios (OR) adjusted to between-group differences in participants' age, current tobacco load (expressed in PY) and estimated weekly ethanol ingestion (all 3 considered as confounders), accompanied by corresponding 95% confidence interval (CI). Raw ORs and risk ratios (RRs) are also provided. Simple intra-group comparisons of prevalence were performed by means of the exact mid-P or the Fisher-Freeman-Halton tests, depending on the number of levels of the analyzed categorical variable. Cumulative incidence of adverse health effects over the period of employment was analyzed employing the methods of survival analysis assuming the Cox proportional hazard model. Cumulative incidence plots, showing the proportion of subjects suffering from adverse health effects against the length of the employment period among both Except for physician-confirmed bronchial asthma and infertility, all other symptoms were also significantly more prevalent among nail technicians, with the raw estimate of increased odds ranging from relatively low values observed in the case of eyes-related disorders, such as itchy/ watery/reddish eyes (OR = 1.8, 95% CI: 1.2-2.9, p < 0.05) to almost 11-fold increase in the case of difficulty breathing (OR = 10.7, 95% CI: 2.4-47.1, p < 0.005). Following the adjustment to differences in participants' age, current PY and ethanol ingestion, these odds of occurrence of symptoms among nail technicians were reduced considerably but still statistically significant (Table 2 ). In the case of physician-confirmed bronchial asthma, the intra-group difference in the prevalence was on the edge of statistical significance (p = 0.056) with just 0 and 4 such cases among the 2 groups (p = 0.06) were found. Nevertheless, thorough inspection of these outcomes may reveal that almost 25% of nail technicians responded that they felt their current health status was "slightly worse" or "much worse" as compared to the one from the last year, which was significantly higher as compared to < 15% of controls providing such answers (36 of 145 nail technicians vs. 22 of 152 controls: OR = 2, 95% CI: 1.1-3.5, RR = 1.7, 95% CI: 1.1-2.8, p < 0.05).
The prevalence of individual symptoms among nail technicians and control subjects is presented in the Table 2 . In general, 61% of nail technicians confirmed they experienced at least one out of all work-related symptoms considered in the study since the commencement of the job, which was significantly higher as compared to just 17% of control subjects (p < 0.0001) and associated with increase in both the raw and adjusted odds of symptoms being these 2 adverse health effects in the group of nail technicians as compared to controls ( Table 3) . The outcomes for symptoms reported by subjects are very similar. The cumulative incidence of any concern-causing symptoms combined together was again found to rise with increasing period of employment in both analyzed groups, nevertheless it showed up to rise significantly faster among nail technicians as compared to controls ( Figure 1c) . Consequently, the estimated t 50% for the occurrence of all concern-causing symptoms combined together was significantly shorter among nail technicians as compared to controls (12 years vs. 33 years, p < 0.0001), consistent with almost 4-times increased hazard of the occurrence of any concern-causing symptoms among the technicians (Table 3) .
the controls and nail technicians, respectively. No statistically significant differences in the prevalence of infertility between the 2 groups analyzed were found in the study.
Length of the employment period free of adverse health effects
With increasing length of employment period, the cumulative proportion of subjects assessing their current health status in worse ratings (i.e., "good," "fair" or "poor") and the proportion of subjects reporting that their current health status had been "slightly worse" or "much worse" than last year were both found to rise significantly faster among nail technicians as compared to control subjects (Figures 1a  and 1b) . This is consistent with significantly shorter t 50% and significantly increased hazard of the occurrence of Physician-confirmed bronchial asthma 4 (2.8)
* The absolute (relative) counts of control subjects and nail technicians reporting individual symptoms which they subjectively attribute to working environment (i.e., occurred after the job commencement and vanished during off-work days) have been provided. Raw odds ratios (ORs) and risk ratios (RRs) together with respective 95% confidence intervals (CIs) were calculated based on respective contingency tables. The ORs adjusted to subjects' age, current-tobacco load and weekly ethanol ingestion (by means of alcoholic beverages) as well as the provided levels of significance were inferred using the generalized nonlinear regression modeling approach assuming the logit model. The cumulative proportion of subjects in respective groups classifying their current health status as: a) "good," "fair" or "poor," b) "slightly worse" or "much worse" compared to the last year's health status. Subsequent panels show the cumulative incidence of: c) all symptoms combined together, d) headaches, e) skin irritations, f) mucosal irritations, g) difficulty breathing, h) dyspnea, i) regular/chronic cough, j) itchy/runny nose, k) itchy/watery/reddish eyes, l) physician-confirmed bronchial asthma, m) infertility, n) musculoskeletal disorders. Inter-group differences between cumulative incidence curves were tested for significance by means of log-rank test. Summary outcomes of survival analyses are provided in Table 3 . Fig. 1 . Cumulative incidence plots for adverse health effects investigated in the study among nail technicians occupationally exposed to low levels of volatile organic compounds and control group of these symptoms (including headaches, skin irritations, mucosal irritations, difficult breathing, dyspnea, regular/ chronic cough and musculoskeletal disorders), direct comparison of t 50% was impossible due to the fact that they were relatively rare among control subjects but the cumulative incidence curves presented in the Figure 1 and data in the Table 3 clearly indicate these values to be significantly lower among nail technicians as compared to control subjects, irrespectively of which an individual symptom is considered.
When headaches, skin irritations, mucosal irritations, difficult breathing, dyspnea, regular/chronic cough, itchy/ runny nose, itchy/water/reddish eyes and musculoskeletal disorders were considered separately, the obtained cumulative incidence curves were also found to differ significantly between the 2 groups of subjects suggesting faster increase of the proportion of subjects suffering from respective symptoms and increased hazard of the occurrence of these symptoms among nail technicians as compared to controls (Table 3 ). For the majority Musculoskeletal disorders --5.1 (1.9-13.5) < 0.0050 * For both groups involved in the study. The median length of the period of employment free of respective adverse health effect (t 50% ) and the respective hazard ratio (HR) have been provided, both with corresponding 95% confidence intervals (CIs). In the cases where the t 50% was available at least for nail technicians, the respective value of t 50% for the controls was indicated as exceeding the maximum length of the period of employment in the study for that group (> 39 years). If the values of t 50% were not available for any of the 2 groups, only dash (-) is provided. The levels of significance were inferred using the log-rang test. IQR -interquartile range. n.a. -not available (indicated when the limit of the interquartile range (IQR) was not available). n.s. -not statistically significant.
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DISCUSSION
The hereby presented results show that occupationally exposed nail technicians comprise a work group with significantly increased prevalence of certain health symptoms, including headache, skin, nose and eyes mucosal irritation, respiratory, musculoskeletal disorders, and asthma as compared to controls. Prevalence of such symptoms among nail technicians has already been investigated by several previous studies [1] [2] [3] [4] [5] [6] [7] [8] and although the respective frequencies of individual symptoms among nail technicians vary from study to study, all of them seem to be consistent in suggesting that these symptoms are more likely to occur among nail technicians. In line with this, information on an individual assessment of current health status gathered in this study indicates that nail technicians more frequently assess their individual health status in worse categories as compared to
Concerning the physician-confirmed asthma, limited occurrence of asthma in both analyzed groups did not allow the respective t 50% to be calculated, yet the respective cumulative incidence curves differed marginally between the 2 groups indicating a marginally increased hazard of asthma among nail technicians (p = 0.0564) ( Table 3 ). The cumulative incidence curves for infertility were not found to differ significantly between the 2 groups suggesting no differences in the hazard of its occurrence between the groups.
Effect of exposure to VOCs on the occurrence of adverse health effects among nail technicians
According to data provided in our recent study [9] , the occupational exposure of nail technicians to a mixture of VOCs according to the ACGIH formula was low, with median level of 0.033 (IQR: 0.014-0.081) and maximum level not exceeding the value of 0.333. Employing the Cox proportional hazard regression modeling, the level of such combined exposure was found to significantly affect the rate in which the proportion of nail technicians suffering from work-related symptoms rises as the length of the employment period increases but only when all symptoms were combined together (p = 0.05). The Figure 2 shows the Kaplan-Meier curves obtained for nail technicians exposed to the highest (33% of the threshold limit) and lowest (0.2% of the threshold limit) observed combined exposure to VOCs. The higher rate of reduction of the proportion of symptom-free subjects among nail technicians exposed to higher levels of the mixture of VOCs was consistent with almost 5-times increased hazard of the occurrence of any symptoms among them as compared to those exposed to lower levels (hazard ratio (HR) = 4.9, 95% CI: 1-24.1). Combined exposure to a mixture of airborne VOCs was, however, not found to significantly modulate the hazard of occurrence of any symptoms, when symptoms considered in this study were analyzed separately (data not shown). The above chart presents the Kaplan-Meier curves showing the proportion of nail technicians with the highest (33% of the threshold limit) and lowest (0.2% of the threshold limit) VOCs exposure observed in the study not suffering from any of the symptoms analyzed in the study. Squares indicate the censored data. The difference between the curves was characterized by hazard ratio (HR) and tested for significance by means of the log-rank test. HR = 4.9, 95% CI: 1-24.1, p = 0.05. as second messengers in intracellular cascades and are thus capable of modulating many intracellular processes, including inflammation and immune responses [18] . Volatile organic compounds, on the other hand, have been shown to directly interfere with dendritic cell functions, which is supposed to further modify the cellular immune response and may lead to allergic inflammation [19] [20] [21] [22] [23] [24] .
Since both the short-term exposure to high concentrations of VOCs as well as long-term exposure to lower (indoorrelevant) ones were used in hereby cited studies, it may be assumed that inflammation response in airways of subjects exposed to VOCs is triggered in the case of both environmental and occupational exposure, with the latter one being associated with allergic airways inflammation, as well.
Considering the specific aspects of nail technicians' occupational exposure to VOCs, particularly the close proximity of the sources of VOCs facilitating the contact of VOCs with their eyes and airways, and the rather prolonged exposure to these substances, both airways inflammation and allergy may be assumed to develop in this workgroup, manifesting themselves in the form of the respiratory problems analyzed in this study. As it is well known that except for mucous membranes of airways, tissues responding to toxic action of VOCs include also the mucous membranes of eyes and the skin on face, neck and hands, it is possible to assume that symptoms related to eyes and skin reported by nail technicians may be underlain by similar mechanisms based on generation of oxidative stress. The second major class of adverse health effects analyzed in this study comprised musculoskeletal disorders, also often reported by nail technicians. These disorders comprise a certainly different class of problems. These disorders were consistently found to be of increased prevalence among nail technicians occupationally exposed to low levels of VOCs in almost all previous studies [1] [2] [3] [4] [6] [7] [8] and our study clearly stands in line with all of them. It has been proposed that such disorders might be associated with the necessity of holding compromised postures in order controls, either when it comes to assessing their current health status or comparing it to the one from the last year. Worse health status and the fact that adverse health effects among nail technicians often get better when away from work may plausibly explain the previously reported increased frequency of concerns about the health effects of chemicals used at work [1, 2] . Symptoms analyzed in this study may be divided into 3 main classes. The first class involved the mucous membranes-related symptoms, such as respiratory or eyesrelated problems. In context of these symptoms, it is worth noticing that respiratory problems associated with unusually high occupational exposures to VOCs have been reported to occur among professional painters or furniture workers quite long ago [13, 14] . Later cross-sectional studies have shown that respiratory problems and adverse allergic airways symptoms are likely to occur also in the case of "ordinary" exposure to environmental (i.e., mostly indoor) VOCs, not exceeding any limits set for occupational environment [15, 16] . A question has thus arisen as what might be the possible mechanism underlying such adverse health effects among subjects exposed to VOCs irrespectively of the exposure level.
A recent South Korean study has revealed that both the environmental exposure to VOCs as well as respiratory problems and reduced pulmonary functions observed among exposed subjects are directly associated to levels of oxidative stress markers and oxidative damage of mucous membranes in small airways. This indicates that oxidative stress may play a crucial role in induction of respiratory problems caused by VOCs [17] . In a series of in vitro and animal-model studies, oxidative damage of airways was found to be caused by reactive oxygen species generated as a result of toxic action of VOCs and was shown to lead to upregulation of a number of inflammation mediators released from eosinophils, neutrophils, alveolar macrophages and epithelial cells promoting inflammatory response of the cells. Moreover, reaction oxygen species act effects of possible bias factors (such as work-related mental stress) [8, 34] . Modest occupational reproductive effects of exposure to low-level VOCs have, however, been reported to occur also in other working environments with exposure to low-level VOCs, such as among women working in the liquid crystal display manufacture [35] but the exposure level reported by this study has been much higher as compared to those reported in our study (even though still referred to as the "low-level exposure").
As suggested earlier, VOCs are assumed to affect female menstrual functions mainly by means of hormonal disruption, which is supposed to be plausible mechanism of reproductive disorders [35] . Either way, no increased risk of infertility among nail technicians has been seen in our study.
Despite the fact that all hereby discussed effects of occupational exposure on health status of nail technicians have already been suggested by several above cited studies, the vast majority of them has been designed as simple cross-sectional studies, providing mere endpoint estimates of the raw frequencies of work-related symptoms at a given time-point. The new point of view provided by our study is based on survival analysis techniques employed in order to perform quantitative assessment of the hazard of the occurrence of above discussed adverse health effects and estimate the expected median length of the employment period until their occurrence among nail technicians and compare it with control subjects. Based on hereby presented data, it is obvious that as the length of employment period increases, the number of nail technicians suffering from work-related adverse health effects rises significantly faster as compared to control subjects, a phenomenon which we observed in the case of all analyzed adverse health effects except for physician-diagnosed bronchial asthma (for which only marginally significant differences were found) and infertility. In other words, the period of employment free of above discussed adverse health effects (t 50% ) was found to be significantly shorter among nail to be able to access the field of treatment, what is probably associated with increased muscular effort and fatigue. In the case of visually demanding and precise operations within a relatively fixed field of treatment, the muscular strain of the neck, back, hands, wrists and shoulders was proposed to be even further magnified, which may result in increased prevalence of this kind of symptoms in the work group analyzed in this study as compared to other officebased environments in which the workers spend most of their times sitting [7, 25] . Finally, infertility was investigated in this study as the last adverse health effect. Our study failed to provide enough evidence in favor of significantly increased risk thereof in this work group, which may be, at least partly, attributed to a limited study size resulting in just 4 incidences of infertility in total. Unfortunately, we did not gather any information on other reproductive disorders such as spontaneous abortions or menstrual cycle disorders, as all of these (including infertility) were reported previously to occur among hairdressers which were exposed to VOCs much similar to those used in nail industry during their work time [26] [27] [28] [29] . Moreover, it was found that the risk of such disorders is associated with the daily amount of work time and the level of chemical exposure [28] and that it was reduced following the enactment of bans on the use of selected chemicals supposed to cause reproductive toxicity [29] . Such increased risk of reproductive disorders has not been, however, found among females performing both hairdressing and nails sculpturing services (referred to as "cosmetologists") [30] [31] [32] [33] . This inconsistency may be to some extent explained by the fact, that nail treatments are usually associated with handling lower amounts of chemicals and thus the resultant exposure is substantially lower as compared to that in the case of hairdressers [34] . Moreover, it has to be emphasized, that the current knowledge on the effect of occupational exposure to mixtures of VOCs such as those found in nail salons has been relatively limited so far and not much is known on modulatory observed only if all symptoms were combined together. It is however worth emphasizing that in our study, the group of nail technicians was compared to control subjects at the same age, which is crucial due to known discrepancies in health status between the young working population and a general one [36] . Thus, the comparison presented in our study might be interpreted as free of any bias possibly introduced by referencing the outcomes in nail technicians to those of a general population. Several limitations need to be, however, taken into account while interpreting the outcomes of this study. First, one has to keep in mind that although some of the symptoms investigated in this study (such as difficulty breathing, dyspnea, regular/chronic cough, itchy/runny nose or bronchial asthma) may be considered as directly affected by pathological processes ongoing in airways and although outcomes of survival analyses and the Cox regression modeling seem to indicate the importance of the length of the employment period and the exposure to VOCs, any conclusions concerning the direct causality between these symptoms and occupational exposure-mediated pathologies in airways of exposed subjects must be drawn carefully, as no clinical examinations were performed in our study. Besides that, only static and short-term breathingzone area measurements were performed in order to assess the level of occupational exposure of nail technicians, which could have been thus slightly underestimated and may have led to compromised outcomes of the Cox proportional hazard regression modeling. Also, a bias may have been introduced into the study due to the fact that it is quite plausible that salons which do not meet certain criteria of occupational hygiene refused to participate in the study.
CONCLUSIONS
In this study we provide evidence on increased prevalence of adverse health effects among nail technicians occupationally exposed to low levels of VOCs as compared technicians as compared to controls, which is consistent with increased hazard of such health effects among nail technicians. Changes in cumulative incidence of work-related adverse health-effect among subjects occupationally exposed to low-level VOCs in the function of the length of employment period clearly corroborate the suggestion provided by a study in which the length of the employment period has been considered in relation to occupational exposure of nail technicians, the only one which we have been able to find to date [6] . This study has revealed that the length of employment period and intriguingly also the time of contact with methacrylates (key chemical substances in nail industry) were both positively correlated with the extent of airways inflammation and significant worsening of pulmonary functions among nail technicians. This may, at least to some extent, provide some explanation why the cumulative incidence of respiratory symptoms increases faster among nail technicians as compared to unexposed control subjects.
It is of note, that except for itchy/runny nose, itchy/watery/ reddish eyes, dyspnea and skeleton disorders, in the case of which the cumulative incidence curves obtained for the 2 groups enrolled in the study begin to separate from each other after some 10 years of employment, respective curves obtained for all the other symptoms analyzed in the study diverge from each other as soon as just right after the job commencement. It indicates that the onset of individual symptoms reported by nail technicians is not simultaneous and that certain factors exist which cause some of them to occur later. However, the nature of these factor remains unknown at this stage of research and this might probably be at least partially caused by our limited knowledge on how the mixtures of VOCs affects one's health. Such lack of knowledge is perhaps reflected also in our inability to satisfactorily interpret the outcomes of the Cox regression modeling performed in this study, where significant effects were to unexposed office-based control subjects. In line with this, nail technicians subjectively assess their health status in worse ratings as compared to controls. The survival analysis has revealed a significantly increased hazard of almost all symptoms investigated in this study (except for physician-confirmed bronchial asthma and infertility), consistent with significantly shortened period of employment free of these symptoms. Although the outcomes of regression modeling remain ambiguous, higher levels of combined exposure to a mixture of VOCs were found to increase hazard of the occurrence of symptoms investigated in this study almost five-fold. All these outcomes combined together indicate that nail technicians are subject to faster health deterioration, which may be assumed to be caused by occupational exposure to low levels of VOCs, even though the levels of such exposure do not exceed any occupational limits.
